Abstract. We report on Hubble Space Telescope Faint Object Spectrograph observations of the double QSO HS 1216+5032 AB (z e (A) = 1.455; z e (B) = 1.451, and angular separation θ = 9.
Introduction
HS 1216+5032 was discovered in the course of the Hamburg Quasar Survey (Hagen et al. 1995) . It was later confirmed as a double QSO at z e = 1.45 by Hagen et al. (1996) through direct images and low-resolution (FWHM ≈ 20Å) spectroscopy in the optical range. The B magnitudes of the bright and faint QSO images (hereafter "A" and "B", respectively) are B A = 17.2 and B B = 19.0. The separation angle between A and B is θ = 9.
′′ 1, and the emission redshifts are z e (A) = 1.455 and z e (B) = 1.451. From the available optical data of HS 1216+5032 AB there appears to be some evidence favoring its physical-pair nature instead of a gravitational lens origin (this subject will be discussed in §6.1), so the projected distance 1 between LOSs as a function of redshift is known (78 h −1 50 kpc at z e ).
This paper presents ultraviolet (UV) spectra of QSO A and B taken with the Faint Object Spectrograph (FOS) on-board the Hubble Space Telescope (HST). The prime goal of these observations was originally to investigate the Lyα forest in the little explored redshift range between z = 0.8 and z = 1.4. In particular, the projected separation between the LOSs to HS 1216+5032 A and B is convenient because it samples well the expected Lyα cloud sizes of hundreds of kpc.
For the redshift range accessible from the ground, a pioneering work on cloud sizes was made by Smette et al. (1992) using the gravitationally lensed double QSO UM 673 (θ = 2.
′′ 2) with known lens geometry. All observed Lyα lines were observed to be common to both spectra and a statistical lower limit of D > 12 h −1 50 kpc could be set 1 Throughout this paper we assume an (Ω0, Λ0) = (1, 0) cosmology and define h50 ≡ H0/(50 km s −1 Mpc −1 ).
for the transverse sizes (spherical clouds, no evolution). A similar result (Smette et al. 1995) was found for HE 1104−1805 AB (θ = 3 ′′ ) but here the position of the lens z l was unknown. A transverse size of D > 60 h −1 50 kpc was estimated for z l ≈ 1.
Surprisingly, QSO pairs at very large projected distances seem to still show Lyα lines common to both spectra. In the spectra of LB 9605 and LB 9612 (θ = 1.
′ 65), Dinshaw et al. (1998) and derive a most probable diameter of 1520 h −1 50 kpc at 1 < z < 1.7. If the lines arise in different absorbers, however, an upper limit of ∼ 1140 h −1 50 kpc is derived. Further studies in the optical range have been carried out by Dinshaw et al. (1994; θ = 9. ′′ 5, D > 160 h −1 50 kpc at 1.7 < z < 2.1) and Crotts et al. (1994; same results) .
At low redshift (z < ∼ 1.5), Lyα clouds show a very flat redshift distribution: only 16±2 Lyα lines with W 0 > 0.32 A are expected in the wavelength interval covered by the FOS on the HST . Therefore, the size-estimate uncertainties for low-redshift Lyα absorbers are large. Studies using FOS spectra of QSO pairs have been made by Dinshaw et al. (1997; θ = 1. ′ 29, D > 600 h −1 50 kpc at 0.5 < z < 0.9), and more recently by Petitjean et al. (1998; θ = 36 ′′ , D ∼ 500 h −1 50 kpc at 0.8 < z < 1.4). All the aforementioned limits on Lyα cloud sizes result from rather crude models which assume non-evolving and uniform-sized absorbers. Such simple models might be unrealistic, as suggested for example by a trend of larger size estimates with larger LOS separation (Fang et al. 1996) or by the claim (Fang et al. 1996 , Dinshaw et al. 1998 ) that the cloud size increased with cosmic time. However, we note that none of the above claims is confirmed by D'Odorico et al. (1998) , using a larger database. Clearly, the issues of geometry and size of Lyα absorbers remain open due partly to a lack of size estimates at low redshift.
In this paper we use a likelihood analysis ( § 6) that attempts to constrain the size of Lyα clouds in front of HS 1216+5032 A and B based on simple considerations on shape and evolution. We model the absorbers either as non-evolving spheres or as filaments. The technique takes advantage of the information provided by line pairs observed in both spectra at the same redshift, hereafter referred to as "coincidences", and Lyα lines observed only in one spectrum, referred to as "anti-coincidences". A likelihood function is then constructed using an analytic expression for the probability of getting the observed number of coincidences and anti-coincidences in each of the two geometries.
In general, modelling the geometry of Lyα absorbers at low redshift on the basis of line counting is made difficult because the line samples are intrinsically small, implying a poor statistics. In addition, HS 1216+5032 B shows broad absorption lines (BALs) caused by several ions with transitions in the UV, so the effective redshift path for the detection of Lyα lines is even shorter.
Intervening metal absorption lines of interest are presented in § 4. The BAL systems are described in § 5. The conclusions are outlined in § 7.
Data reduction

Observations and wavelength calibration
UV spectra of HS 1216+5032 A and B were obtained on 1996 November 6 with the FOS on board the HST. Target acquisition and spectroscopy were done using Grating G270H with the red detector and the 3.
′′ 7 × 3. ′′ 7 aperture. This configuration yields a spectral resolution of FWHM = 2Å and a wavelength coverage from 2222Å to 3277Å (Schneider et al. 1993) . Total integration times were 1980 and 10400 s for QSO components A and B, respectively. The spectrum of image B resulted from the variance-weighted addition of four exposures. The signalto-noise ratios at Lyα emission are S/N = 40 (A) and 25 per ∼ 0.5Å pixel, falling down to 15 in the blue part of the A spectrum, and to near one at the BAL troughs in B.
The flux-calibrated spectra and their associated 1 σ errors are shown in Figure 1 . The dotted lines represent the continua ( § 2.3) and the tick-marks indicate the position of 3σ absorption lines ( § 3).
Since we are interested in comparing absorption systems along both LOSs, we must check for possible small misalignments of the zero-point wavelength scale between both spectra. Such differences may arise when the targets have not been properly centered in the aperture of the FOS, and/or when -unlike here -the science and wavelength calibration exposures have not been performed consecutively. Galactic absorption lines common to both spectra were then required to appear at the same wavelength, under the assumption that both LOSs cross the same cloud (which should be true for the small separation between LOSs at z ≈ 0). There are two Galactic absorption lines, Fe ii λ2600 and Mg ii λ2796, common to both spectra and apparently not contaminated with intergalactic lines. For these lines ∆λ(Fe ii λ2600)= −9 km s −1 and ∆λ(Mg ii λ2796)= +4 km s −1 are obtained, which lie within the fitting procedure errors (∼ 10 km s −1 ) and the FOS limiting accuracy (∼ 20 km s −1 ). These small differences imply that both spectra are well-calibrated; consequently, we made no corrections to the zero-point wavelength scale.
Emission redshifts
To derive the emission redshift of HS 1216+5032 A the Lyα emission peak was fitted with a Gaussian in the region between 2959 and 3005Å. Excluding the wavelength regions with absorption features in the blue wing of the line yields z e (A) = 1.4545 ± 0.0001, where the 1σ error comes from the wavelength uncertainty. For QSO component B, a similar analysis is extremely difficult because the Lyα emission line is severely distorted by the Lyα and N v BALs. Fitting instead the N v emission peak between 3016 and 3065Å, and using the mean rest-frame wavelength of the doublet λ 0 (N v)= 1240.15Å, yields z e (B) = 1.4509 ± 0.0006. In the following we adopt the nominal values z e (A)= 1.455 and z e (B)= 1.451.
The redshifts of A and B are not the same within measurement errors, with QSO component B being blueshifted by ∼ 400 km s −1 relative to A. Different emission redshifts are expected in the physical pair hypothesis, but the measured difference between HS 1216+5032 A and B cannot rule out the possibility that the QSO may still be gravitationally lensed. This is because two different transitions, Lyα and N v, are being compared and blueshifts of a few hundreds km s −1 between high and low-ionization emission lines are common (e.g., Hamann et al. 1997; Tytler & Fan 1992) . This point is further discussed in § 6.1.
Other prominent emission lines in the spectrum of A are: O vi λ1033 (blended with Lyβ) and probably C iii λ977 and S iv λ1062. In the spectrum of B, the BAL troughs allow clear identification of only Lyα and N v λ1240, but the "undulating" shape of the observed flux for λ < 2600Å suggests that S vi λ939, C iii λ977, N iii λ990, O vi λ1033, and S iv λ1062 have broad absorption troughs on the blue side of the expected QSO rest wavelengths.
Continuum fitting
Due to line blending in the Lyα forest, defining a quasar continuum shortward of Lyα emission is not trivial at our resolution. For B, this difficulty is increased by the BAL profiles. A power-law shaped continuum f ∝ ν α , although an acceptable representation in the optical range, is definitively not able to fit even the UV continuum spectrum of quasar image A, leaving residuals far larger than 3 σ at apparently featureless spectral regions.
We decided to fit the UV QSO continuum for each spectrum with cubic splines, using the following simple and semi-automated fit algorithm. First, cubic splines are fitted through a given number of points (x i , y i ) thought to represent the continuum, typically 50 in each spectrum. The point ordinates y i are then corrected by an amount, such that the mean of the differences between the new ordinate and all the flux values within 1σ (defined by the first fit) in a 6Å wide spectral window around x i equals zero. The corrected (x i , y i ) are used to perform a new fit. This procedure is iterated until it converges to a reasonable continuum, provided enough featureless regions are available in the data. The fit routine is robust in the sense that different start values always lead to the same continuum, but the spectral windows need to be carefully chosen, especially in the B spectrum. The final continuum is shown as dotted line in Fig. 1 . Note that we have not attempted to model the QSO intrinsic continuum of B, which is evidently distorted by the BALs. Division of the flux by this continuum results in the normalized spectra of HS 1216+5032 A and B. Tables 1 and 2 list absorption lines found at the 3σ level in HS 1216+5032 A and B, respectively. Lines in the normalized spectra were fitted with Gaussian profiles without constraints in central wavelength, width or amplitude. In the case of obvious blends two or more Gaussian components were fitted simultaneously.
Absorption line parameters and identifications
The fit routine attempts to minimize χ 2 between model and data, considering 1σ flux errors (flat-fielding, background subtraction and photon statistics noise); but the uncertainties introduced by the continuum placement are not included.
An inherent feature of χ 2 minimization is the nonuniqueness of the solution due to the eventual presence of more than one minimum in the parameter space. In those cases, the fit can lead not only to wrong parameter estimations but also to underestimated parameter errors. To handle with this problem, instead of defining a rejection parameter we simply performed several fit trials taking different wavelength ranges to see how robust a particular solution was. In general, there were no significant changes in the resulting parameters due to a different choice of the fitting interval, thus giving us confidence on the results. However, some fits yield χ 2 ν < 1. Assuming that the 1σ flux errors are not overestimated, such behaviour can occur by chance, especially when too few pixels are considered in the fit.
The equivalent-width error estimates are generally larger than the propagated error if the flux values are integrated along a line. This is because the former errors consider the correlation between all three free parameters. This is not the case for multicomponent fits, where the errors in equivalent width may be overestimated since the fit algorithm does not consider that the strengths and widths of neighbour lines in blends are anti-correlated.
Concerning the line widths, note that several FWHM values in Tables 1 and 2 are slightly larger than the nominal width of the line spread function (LSF), 2Å. This is caused by the difficulty in resolving absorption structures separated by less than ∼ 200 km s −1 , since single-line fits of closely lying line complexes (blends) will inevitably lead to large widths. On the other hand, in few cases the measured lines are narrower than the LSF. While this might partly be caused by a too low placement of the continuum near emission lines and BAL troughs in the B spectrum, it is certainly not the case for all the narrow lines in the A spectrum. In the latter case fitting weak lines also leads to low FWHM values (with large associated errors), thus reflecting the limitations of the χ 2 minimization using too few pixels.
BAL profiles in the B spectrum have been fitted with multicomponent Gaussians to better constrain their equiv- 5 Also S iv λ1062 BAL because the line is too strong compared with IS Fe ii λ2600. 6 Or H i λ1025 at z = 1.4082 if b > 30 km s −1 . 7 Lines mimic C iv doublet but no corresponding H i λ1215 line is detected. 8 The fit procedure is not able to resolve the second doublet lines; therefore, the doublet ratios are probably not real. 9 Associated system. Lyβ falls in the O vi BAL troughs. 10 Blended with C ii * λ1035. See § 5 for the classification as BAL system.
11 No line at 3σ can be identified with Lyβ. alent widths, but these fits do not necessarily represent the actual nature of the BAL profiles (see § 5). For consistency, Tables 1 and 2 include the Gaussian parameters of BAL profiles.
Absorption lines were identified manually, using vacuum wavelengths and oscillator strengths taken from Verner et al. (1994) . The identification of lines is not easy because of the low resolution and the lack of optical data; but it is especially difficult in the B spectrum because narrow intergalactic lines are hidden among the BALs. We looked first for interstellar absorption lines in both spectra. The Mg ii λ2796, 2803 doublet and the Fe ii lines at 2586Å and 2600Å are detected in both spectra; the Fe ii lines at 2344Å and 2382Å are detected at 3σ only in the A spectrum (while in the B spectrum Fe ii λ2382 would appear at the position of BAL C iii λ977). The next step was to search for C iv systems and their associated Lyα and prominent metal lines. In addition, two Mg ii systems at z = 0.04 ( § 4.2) and 1.14 could be identified in the spectrum of B through the positions of the doublet lines and their relative strengths. Due to their secure identification, C iv λ1548, 1550 and Mg ii λ2796, 2803 lines with SNR < 3 have been retained in Tables 1 and 2 , which otherwise contain only lines with SNR > 3. Lyα lines with redshifts of 1.16 < z < z e were identified through the corresponding Lyβ and Lyγ lines, if present. Lines A45, A46, B37, and B38 mimic a C iv doublet at z = 0.88, but since no significant absorption by H i is detected at this redshift, they have been counted as Lyα lines. The remaining lines have been considered to be Lyα lines and will be discussed in § 6.
Metal absorption systems in HS 1216+5032 A and B
We now give a description of the most remarkable metal absorption systems observed in HS 1216+5032 A and B: a Mg ii system at z = 0.04, and a strong C iv system at z = 0.72.
The C iv systems at z = 0 .72 in HS 1216+5032 A and B
Three strong C iv systems at z = 0.717, 0.721 and 0.726 are identified through the λλ1548, 1550 doublets at λ ∼ 2660Å in both spectra of HS 1216+5032. Although some of the C iv lines are under the 3σ significance level, the well-determined redshifts of the doublet components make their identification unambiguous; consequently, all six C iv lines appear in Tables 1 and 2 . The rest frame equivalent widths of the λ1548 lines range between 0.36 and 1.03Å in the A spectrum, and between 0.72 and 1.19Å in B. The large column densities implied by these line strengths, make this system a firm candidate for a Lyman-limit system (Sargent, Steidel & Boksenberg 1989) . Also, the large line widths in A and B, FWHM > 2Å, suggest that these C iv systems will reveal several narrower components at higher resolution.
No further metal lines are found at these redshifts. Line A13 could be identified with Si iv λ1393 at z = 0.717, but two strong Lyα lines at λ = 2410Å make the detection of the second doublet line impossible. No transitions by low-ionization species (e. g., C ii λ1334) are detected. In the low-resolution optical spectrum of HS 1216+5032 B (see Fig. [3] in Hagen et al. 1996) , a significant absorption feature at λ = 4816Å could tentatively be identified with a Mg ii λ2796, 2803 doublet associated to these C iv systems, but no absorption feature is seen at this wavelength in the optical spectrum of A.
The small velocity differences of ∆v A−B ≈ −68 ± 28 km s −1 , −52 ± 31 km s −1 , and −116 ± 30 km s −1 at z = 0.717, 0.721 and 0.726, respectively, between the C iv lines in A and the corresponding ones in B suggest strongly that these C iv systems are physically associated. Therefore, the large velocity span of roughly 1500 km s −1 along each LOS can only be explained if the gas is virialized by a cluster of galaxies. The virial mass within the radius given by the half separation between the LOSs is derived to be ∼ 10 13 M ⊙ . Consequently, if C iv systems arise in the extended halos of galaxies (Bergeron & Boisse 1991) , the present data gives evidence that the C iv absorbers at z = 0.72 in HS 1216+5032 A and B arise either in the highly ionized intra-group gas of a galaxy cluster, or in small structures associated with the cluster.
The whole absorption complex shows an asymmetry in the sense that the weakest system in spectrum A has the same redshift as the strongest in B: the ratio of the λ1548 line's equivalent width in A to that in B varies between 1.4 and 3.3. If C iv systems in A and B with similar redshifts are physically associated, then the different line strengths have direct implications for the size of these absorbers. This is because such gas inhomogeneities imply that the LOSs sample the clouds on spatial scales similar to the transverse cloud sizes. The interpretation remains valid if the lines in the present FOS spectra result from many unresolved velocity components, because in that case stronger lines result from more narrow components than weaker lines do, a picture that is still compatible with gas inhomogeneities. All these three C iv absorption systems should therefore arise in clouds with characteristic transverse lengths of ∼ 75 h −1 50 kpc, larger than the statistical lower limits of ∼ 30 h −1 50 kpc derived by Smette et al. (1995) for C iv absorbers at z > ∼ 1.5. Alternatively, it is still possible that the C iv absorption is correlated in redshift, but occurs in distinct, separated structures. At higher resolution, Rauch (1997) has shown that in gas associated with metal systems density gradients on sub-kpc scales are not uncommon. The logical conclusion would be that C iv absorbers are composed of a large number of small cloudlets. However, if that is the case of the z = 0.72 absorbers, the correlation in redshift between lines in A and B is difficult to explain without in-voking cloudlets aligned along a filamentary or sheet-like structure.
A Mg ii System at z = 0 .04 in HS 1216+5032 B?
There is a strong and blended feature at λ ∼ 2920Å in the B spectrum for which we do not find any plausible identification with other observed metal systems. One possible identification is absorption by two Mg ii λλ2796, 2803 doublets at z = 0.043 and z = 0.044. Although the Gaussian profile fit is not able to resolve the single lines in the red trough of the absorption feature, the identification is supported by a good match between the line positions and profiles of the doublet. The red wing of the whole absorption feature could be blended with a Lyα line because it coincides quite well with a strong Lyα line at z = 1.4 in A (A47). However, no Fe ii lines are detected at this redshift, nor further transitions by low-ionization species. The Mg i λ2852 line is possibly present, but the match in wavelength with line B50, ∆λ ≈ 1.4Å, is not very good. Under the Mg ii-hypothesis, the total rest-frame equivalent width of the stronger Mg ii doublet component would be W 0 = 3.97Å, which is somewhat larger than typical values found in gas associated with damped Lyα (DLA) systems at high redshift or in the Milky Way (Savage et al. 1993 ). This could be explained if the lines are indeed made up of several narrower components, as usually seen in DLA systems. The redshift difference between both Mg ii systems implies a velocity span of roughly 300 km s −1 , also typical of DLA systems. Therefore, there is some evidence that these Mg ii lines might be associated with a DLA system at z = 0.04.
Regardless of the DLA-system interpretation, however, even the absence of Fe ii and -possibly -also Mg i lines associated with Mg ii of such a strength is difficult to explain considering the incidence of the former ions in Mg iiselected samples (e.g., Bergeron & Stasinska 1986; Steidel & Sargent 1992) . Consequently, an alternative identification of the λ ∼ 2920Å feature as H i λ1215 BAL at v ∼ −6 000 km s −1 (see §5 and Figure 2 ) must be considered as well. The absence of a corresponding H i λ1025 BAL profile, however, is also in this case remarkable, but could be explained if the absorber does not completely cover the continuum source (see below).
The BAL systems in HS 1216+5032 B: Some Qualitative Inferences
Three BAL systems are observed in the UV spectrum of HS 1216+5032 B (see Fig. 2 , where the system redshifts have been arbitrarily numbered 1, 2, and 3). Absorption by H i, C iii, N iii, and possibly S iv is observed in at least two of the systems, while O vi and N v are present in all three systems. C ii is observed only in system 2, and N iii in systems 2 and 3.
Many features distinguish these systems from the most commonly observed BAL systems (e.g., Turnshek et al. 1996) : (1) the lines are particularly weak and several line profiles are not distorted by/or blended with other BALs; (2) the maximum outflow velocity v ∼ 5 000 km s −1 is small compared with typical BALQSOs, which exhibit terminal velocities of several 10 4 km s −1 (Turnshek 1984) ; (3) C ii is present (see Wampler et al. 1995 for other BAL QSO spectrum with singly-ionized species; Arav et al. 1999b ); (4) the strength of H i in systems 2 and 3 decreases more slowly at the red edge of the troughs (Turnshek 1984) .
Also remarkable is the undulating shape of the absorbed continuum for λ < 2700Å (see Fig. 1 ). The position of the flux depressions coincides quite well with the blue wing of expected emission lines by C iii, N iii, Lyβ, and O vi. This coincidence seems to suggest that the absorption is indeed dominated by very broad line components, which determine the continuum shape, superimposed to the narrower components, here labeled as systems 1, 2 and 3. The same effect, although less remarkable, is observed for S iv and S vi, thus giving evidence for absorption by these ions associated with the BAL phenomenon (also reported for another QSO by Arav et al. 1999a) .
It is customary to define BALs as a continuous absorption with outflow velocities larger than ∼ 3 000 km s −1 from the emission redshift (Weymann et al. 1991) to make a distinction between BAL systems and "associated systems". However, as pointed out by Arav et al. (1999b) , such definition does not hold any physical meaning. In our case, systems 1 and 2 should be then classified as associated systems but, due to our poor resolution, it is not possible to establish whether the line profiles are produced by continuous absorption or whether they are made of several narrower velocity components (as observed in associated systems). The metal lines in these systems (e.g. the N v and O vi doublet lines) are relatively narrow and their widths could be dominated by the instrumental profile (for H i in system 2, however, the situation is less clear). Therefore, the classification of systems 1 and 2 as BAL systems must be considered solely instrumental.
High-resolution spectra of BAL QSOs (Hamann et al. 1997) show that BAL profiles do not necessarily result from an ensemble of discrete narrow, unresolved lines, but as part of a mixture of a continuously accelerated outflow and overlapping narrow components with different non-thermal velocity dispersions. For the systems in HS 1216+5032, it can be assumed that a similar mixture of line widths is present, with the broad components dominating over the narrow ones. In that case, these line profiles should not look so different at higher resolution (with exception, maybe, of systems 1 and 2).
Ionization models have shown that BAL clouds span a range of densities and/or distances from the ionizing source (Turnshek et al. 1996; Hamann et al. 1995) . Fig. 2 shows that, while the high-ionization species N v and O vi are present in all three systems in HS 1216+5032, H i, C ii and doubly-ionized species are absent in system 1. A possible explanation is that the ionization conditions could change with outflow velocity, with higher ionization level for redshifts closer to z e . However, a quantitative study of the ionization conditions in these BAL clouds with the present data is made difficult by our inability to reliably establish the continuum level at the BAL troughs and thus determine column densities (besides the fact that nonblack saturation of the line profiles might be present; see Arav et al. 1999a ).
Nevertheless, a more quantitative study of the BAL phenomenon in HS 1216+5032 B should be possible using higher resolution HST spectra to better estimate the QSO continuum and to identify spurious lines at the BAL troughs. In particular, BAL system 2 can be studied in more detail because it shows more ions and less contamination by narrow absorption lines at the lines lying in the Lyα forest. On the other hand, alone medium-resolution optical spectra should considerably improve our knowledge of the BAL systems in HS 1216+5032 through the line profiles of C iv, C iii, and possibly Mg ii, which we suspect to be present given the presence of C ii. The width of the trough in system 2 is sufficiently small to study nonblack saturation effects via doublet ratios provided the emission line profiles can be determined (e.g., at the position of the C iv BAL). Thus, corrected column densities for system 2 appear as very suitable to reliably examine photoionization models because the radiation fields can be constrained by the presence of low-ionization species.
Lyα absorption systems
We now describe the Lyα forest lines observed in the spectra of HS 1216+5032 A and B. The projected separation between LOSs samples well the expected cloud sizes of hundreds of kpc if the QSO pair is real (see next subsection). However, the effective redshift path where Lyα lines can in principle be detected is blocked out by the broad absorption lines in the B spectrum, so the line samples will be small.
Lensed or Physical Pair?
The nature of the double images in HS 1216+5032 is not clearly established yet. Maybe the strongest arguments favoring HS 1216+5032 AB as a physical-pair instead of a gravitational lens origin are: (1) BALs are observed only in the spectrum of the B image; 2 (2) no extended, luminous object is detected between (or even close to) the QSO images down to m R = 22.5; and (3) gravitationally lensed QSO pairs normally have image separations θ < ∼ 3 ′′ (e.g., Kochanek, Falco & Muñoz 1999) . In addition, the absence of a trend for equivalent widths of intervening Lyα lines common to both spectra to become similar at redshifts closer to z e (see Fig. 4 and Table 3 ) also argues for a physical-pair; however, this argument is weak as the sample of common lines is too small. Unfortunately, for reasons given in § 2.2, it is not possible to establish whether there are differences between A and B in the emission line redshifts and line shapes in the spectral region covered by the FOS.
The intriguing point here is that two z ≈ z e Lyα systems are detected in both spectra at almost identical redshifts to within ∼ 90 km s −1 (see § 6.6 for more details). Under the physical-pair hypothesis, these absorbers should extend over transverse scales greater than 80 h −1 50 kpc. If, on the other hand, HS 1216+5032 AB is a 2 Curiously, another QSO pair separated by 9
′′ , Q1343+266, also shows BALs in only one spectrum. On the basis of the irregular flux ratio in the optical range, Crotts et al. (1994) find evidence that this is a genuine QSO pair. From the optical spectra of HS 1216+5032 AB (Hagen et al. 1996) , however, a similar argument is less clear.
gravitationally lensed pair, the detection of these systems in both spectra can easily be explained by the fact that the separation between light paths approaches zero.
In consequence, the gravitational lens nature of HS 1216+5032 cannot be yet ruled out. Let us note that in a simple lens geometry the virial mass implied by the velocity span of the C iv absorbers at z = 0.72 (see § 4.1) is consistent with the deflector mass required to produce an angular separation between QSO images of θ = 9
′′ . In such a model the separation between light paths at the source position is derived to be θ s = 17
′′ . Therefore, confirmation of HS 1216+5032 as a gravitationally lensed QSO would have dramatic consequences for our understanding of the BAL phenomenon. As pointed out by Hagen et al. (1996) , if HS 1216+5032 AB were indeed the mirror images of one unique QSO, the coverage fraction of BAL clouds would have to be very small. Incomplete coverage of the continuum source or the BLR in BAL clouds have been confirmed using high-resolution spectra (Hamann et al. 1997; Barlow & Sargent 1997) . In fact, the cloud sizes derived from BAL variability could be 10 4 times smaller than the distances to the source derived from photoionization models (Hamann et al. 1995) , implying subtended angles not much larger than θ s . Therefore, the scenario in which only one light path crosses the BAL clouds is not unrealistic, and the non-BAL spectrum of HS 1216+5032 A can also be considered if the QSO pair is lensed.
3
In summary, there are reasons to believe that HS 1216+5032 is a binary QSO, but a gravitational lens origin of the double images cannot yet be excluded. A definitive assessment of this issue must await medium resolution optical spectra to better derive emission redshifts and to establish differences in the continuum or emission lines. Alternatively, deep infrared or radio observations would help determining the nature of the double QSO images. The non-detection of the lensing galaxy/cluster would be a strong proof for the binary QSO hypothesis, since wide separation (θ > 3 ′′ ) "dark lenses" enter in conflict with current models of structure formation (Kochanek, Falco & Muñoz 1999) , which predict few wide separation gravitational lenses (e.g., Kochanek 1995) .
Throughout this section we will assume that HS 1216+5032 AB is a physical pair. The proper separation S(z) between LOSs obeys then the relation S = θ D oc , where θ is the angular separation between the A and B QSO images, and D oc is the angular-diameter distance between the observer and a cloud at redshift z. For the redshift range of interest S ≃ 80 h −1 50 kpc. Table 3 lists Lyα lines detected at the 3σ level in HS 1216+5032 A and B. Figure 3 shows 3σ detection thresholds as a function of redshift. Out of 36 lines in the spectrum of A, a total of 23 lines within z = 0.85 to 1.43 have W 0 (A) ≥ 0.24Å. This redshift interval excludes lines within 3 000 km s −1 from the QSO redshift to avoid the "proximity effect" ). The derived number density is log(dN/dz) = 1.58
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−0.10 at log(1 + z) = 0.33 ± 0.06, in very good agreement with the results of the HST Key Project ). The scarce sample of lines in B is clearly explained by the shorter redshift path allowed by the BAL profiles.
Definition of Line Samples
To define the number of coincidences and anticoincidences we have selected from all 36 Lyα lines observed in A (the spectrum with better signal-to-noise) those ones (1) at z ≤ 1.43; (2) not associated with metal lines; (3) at wavelengths not covered by the BAL troughs in B; and (4) at wavelengths where 3σ detection limits in B are lower than the measured equivalent width of the line in A. Lines in B that had SNR > 3 and fulfilled criteria (1) to (3) were also selected. In some cases, lines in A have a corresponding absorption feature at the same wavelength in B, but at a too low significance level to unambiguously designate the line pair as a coincidence. These lines in A were excluded (A26, A36, A44). Notice that criterion (3) automatically prevents comparing line equivalent widths for which the uncertainties introduced by the placement of the B continuum are large.
The final sample of Lyα lines suitable for this study is composed of N = 11 redshift systems within 1.16 < z < 1.43, a range not much smaller than the one allowed by conditions (1) to (4). Out of this number, N C = 6 systems show Lyα lines in both spectra, and N A = 5 lines are detected in only one spectrum. The rest-frame equivalent widths range from 0.14 to 0.76Å in A, and from 0.23 to 1.16Å in B. This sample is hereafter called "full sample". Coincident lines are shown in Figure 4 , where the thick line represents the flux of A and the zero velocity point corresponds to the redshift of the A line. Only the first six panels show lines in the "full sample"; the remaining lines arise in Lyα clouds likely to be influenced by the QSO flux. All coincident lines are separated by less than 100 km s −1 . Anti-coincident lines are all uniquely defined, as there are no corresponding lines in the other spectrum within several hundred km s −1 .
However, there are two exceptions that must be pointed out. The first one is line 29 in B, separated by 198 km s −1 from the nearest Lyα line in A (37). These lines in A and B have been counted as anti-coincidences, though we are suspicious of this interpretation as the line profiles suggest line B29 is blended with an absorption feature seen in both spectra. The second is another of the anti-coincidences, line B50, which could alternatively be identified with Mg i at z = 0.04. These cases will introduce unavoidable uncertainties in the results presented here. Let us recall that the exclusion of any one line from the samples would lead to significantly different results for R c . This illustrates the real uncertainties dominating simulations with such a small number of observed lines. Moreover, the samples are limited by the large redshift path blocked out by the BAL troughs in B, so there must be a considerable loss of information.
A line significance level of 5 for lines in A has been chosen to perform the likelihood analysis described in the next subsection . This selection automatically excludes two of the redshift systems in the full sample and defines the following sub-samples: 
Maximum Likelihood Analysis
In the following we discuss a likelihood analysis on cloud sizes in front of HS 1216+5032. The technique is based on the definition of a likelihood function L that gives the probability of getting the observed number of coincidences and anti-coincidences. Evidently, such a function must depend on the shape of the absorber. Here we concentrate on two possible cloud geometries for which L can be derived analytically: spheres and cylinders. For coherent spherical clouds, the probability that one cloud at redshift z is intersected by one LOS is given by McGill (1990) as:
where X(z) ≡ S(z)/2R c and R c is the cloud radius. The samples consider only redshifts where at least one LOS intersects a cloud (otherwise one should make assumptions on the cloud distribution along the LOS). Therefore, one must compute the probability that, given that a line appears in one spectrum, a line will appear in the other spectrum. This probability is given by Dinshaw et al. (1997) as:
Finally, the probability of getting the observed number of coincidences and anti-coincidences is given by the product
where the indexes i and j number the coincidences and anti-coincidences, respectively. Note that if there is at least one anti-coincidence, then L has a maximum value. Otherwise it grows monotonically. The solid curve in Fig. 6 shows the results of the likelihood function L(R c ) normalized to its peak intensity for the various samples. The figure also shows the cumulative distribution of L(R c ). The estimated 2σ limits on cloud diameters for HS 1216+5032 -derived from the cumulative distribution -are listed in Table 4 . The peak intensity of L is used to find the most probably radii, i.e., 96 h Such structures can be idealized as cylinders with a radiusto-length ratio ≪ 1. For cylindric clouds, the probability that one LOS intersects a cloud at redshift z given that the other LOS already does, reads (A. Smette, private communication):
where X(z) ≡ S(z)/2R c and R c is the radius of the cylinder. The dotted curve in Fig. 6 shows the results of the likelihood function L(R c ) normalized to its peak intensity and the cumulative distribution for the various samples. Most probably cylinder radii are 49, 65, and 85 h Table 4 . Again, the derived sizes are larger if weaker lines are used, providing evidence that the density distribution in Lyα clouds must be smooth (see, e.g., Monier et al. 1999) . These size estimates are almost 50% lower than for spherical absorbers. This can be explained by the fact that, in general, elongated structures can more easily reproduce the observed number of coincidences for a given radius than a sphere; in fact, the probability φ(R c ) for spherical absorbers vanishes for R c < S/2, while for cylinders φ > 0 for all nonzero values of R c . The lengths of such structures are much larger than these values, but undefined in the model.
Equivalent Widths
The sample of Lyα lines common to both spectra gives model-independent information about the size scales of the absorbers. Figure 7 shows the rest-frame equivalent widths of lines common to both spectra and their 1σ errors, where the dashed straight line has a slope of unity. Only lines without associated metal lines are included. Note that this selection yields line-pairs with λ > 2620Å, so the influence of uncertainties in the continuum place- ment (e.g. due to the BAL troughs or to spectral regions with high noise level) over the equivalent-width estimates is minimized. We have included one line pair within 3 000 km s −1 from the QSO's redshift (A52,B49) but not the "associated system". The dotted crosses represent line pairs for which the B line has 2.58 < SNR < 3, i.e., those ones labeled with footnote 5 in Table 3 . Additionally, to illustrate the significance of the non-detections we have also included lines detected in only one spectrum, plotted against the corresponding 3σ detection limit in the other spectrum.
Most of the coincident lines are stronger in the B spectrum, which is explained by the difficulty in detecting lines in B (an additional consequence of this is that most anticoincidences are lines in B). It can be seen that there are some significant deviations from ∆W 0 = 0, even excluding the line pair within 3 000 km s −1 . For the latter such deviation would be expected, since the QSOs themselves might be an important ionizing agent in clouds next to the QSOs.
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The equivalent width differences ∆W 0 = |W 0 (A) − W 0 (B)| show no correlation with ∆v. Instead, ∆W 0 and max(W 0 (A), W 0 (B)) seem to be correlated (see Fig. 8 ), with larger equivalent width differences for larger equivalent widths (e.g. Fang et al. 1996) . Both effects, although not statistically significant, suggest coherent structures, i.e., no "cloudlets" at similar redshifts (Charlton et al. 1995 ). In conclusion, LOS A and B must sample coherent clouds showing small -but otherwise significantdensity gradients on spatial scales of ∼ 80 h −1 50 kpc, the linear separation between LOSs in this redshift range. Fig. 7 . Rest-frame equivalent widths of Lyα lines common to both spectra, with SNR > 3, ∆v < 100 km s −1 , and no metal lines associated. Dotted crosses represent line pairs with 2.58 < SNR < 3. The "associated system" has not been considered. Lines detected in only one spectrum are also shown, with upper limits representing 3σ detection limits in the other spectrum.
The z a ≈ z e Lyα systems in HS 1216+5032 A and B
Two z a ≈ z e Lyα systems are observed in the spectra of both HS 1216+5032 A and B, through the partially resolved Lyα lines A53, A54, A55, and B51 and B52 (see Fig. 4 ). The lines in A and B differ by ∆v A53−B51 = −51 km s −1 and ∆v A54−B52 = −87 km s −1 . The system in A is blueshifted by 122 km s −1 relative to z e (A), while the system in B is redshifted by 280 km s −1 relative to z e (B) (but see § 2.2). Line A55 has no clear counterpart in B. No metal lines are found associated with these systems. The total equivalent width of the A lines is larger than in B by a factor of 2.1.
The absence of highly ionized species such as N v and O vi suggests that these systems are probably not physically associated with the QSOs (e.g., Turnshek 1984; Petitjean 1994) . Furthermore, the small velocity differences between lines in A and B, and the fact that both systems have two line components well correlated in redshift, strongly suggest they arise in the same absorber (see also Petitjean et al. 1998; Shaver & Robertson 1983) . If this is true, the different Lyα line strengths between A and B imply either characteristic transverse sizes of ∼ 80 h −1 50 kpc or maybe even larger clouds with ionization conditions that change on such scales. The size scales are compatible with the idea that these systems arise, for example, in the Fig. 8 . Absolute value of rest-frame equivalent width differences (Å) vs. max(W 0 (A), W 0 (B)) of Lyα lines with SNR > 3, ∆v < 100 km s −1 , and no metal lines associated. The "associated system" has not been considered. very extended halo of an intervening galaxy (Weymann et al. 1979) , or in the intra-group gas of the QSO host galaxies.
If the radiation field of the QSOs is the main ionization source in the clouds giving rise to these systems (assuming the QSO pair is real), then the systems in B should be less ionized than the A ones. This is because QSO A is intrinsically more luminous than B in the ionizing continuum. Consequently, the different line strengths in A and B can also be explained if the LOSs cross regions of similar density, with LOS B probing regions with more neutral gas. Of course, the latter case does not rule out the intervening nature of these systems. Fang et al. (1996) have pointed out that there seems to be a trend of larger estimated cloud sizes with increasing LOS separation S (see their Fig. 5 ). If such a trend were real, it would imply that the scenario of uniform-sized spherical clouds is too idealized. Their data, however, are insufficient to discern whether the effect is due to non-uniform cloud size or simply non-spherical cloud geometry. The results presented in our work (slightly modified by defining a sample of lines with W 0 > 0.40Å to be consistent with these authors) fit this tendency well because they add a new measurement of relatively small cloud sizes at small LOS separation. We note, however, that D'Odorico et al.
Discussion
(1998), who use a larger database and an improved statistical approach, find no correlation between cloud size and LOS separation. Clearly, more QSO pairs are needed that span a range in LOS separations to confirm or discard the size/separation correlation.
Here we propose that the notion of a single population of uniform-sized clouds must be revised. In fact, if Lyα clouds span a range of sizes between, say, a few hundred kpc to a few Mpc, then LOSs to QSO pairs with arcminute separations would be crossing not only huge and coherent structures, but also smaller clouds correlated in redshift. Further evidence for a more complicated scenario than usually assumed comes from cosmological hydrodynamic simulations made for z = 3, which show entities of nonuniform sizes grouped along filamentary structures (e.g., Cen & Simcoe 1997) . However, we recall that the situation at lower redshift can be different if such structures do evolve in size.
Size evolution of Lyα absorbers has not yet been observed, in part because the number of adjacent QSOs with suitable angular separations is not statistically significant, but also due to the scarce number of observations at low redshift. In particular, the present data on HS 1216+5032 (< z >= 1.3) do not confirm the suggestion (Fang et al. 1996; Dinshaw et al. 1998 ) that cloud sizes increase with decreasing redshift. This result is in variance with the findings by D' Odorico et al. (1998) .
Assuming that the Lyα absorbers are filamentary structures -modelled as cylinders of infinite length -lying perpendicular to the LOSs, our likelihood analysis leads to almost 50% smaller transverse dimensions than for spherical clouds. Unfortunately, the method presented here is not capable of distinguishing between cylinders and spheres. Moreover, the information provided by two LOSs might be insufficient to make such a distinction possible, so one should use triply imaged QSOs (Crotts & Fang 1998) or, even better, QSO groups (Monier et al. 1999) . It is worth saying, however, that flattened structures are more able to simultaneously reproduce the requirements of neutral gas density from photoionization models and the transverse scale lengths derived from double LOSs than spherical absorbers do. Such photoionization models lead to structures with thickness-to-length ratios of ∼ 1/30 (Rauch & Haehnelt 1995) . Indeed, hydrodynamical simulations in the context of hierarchical structure formation have shown that at z ∼ 3, high density gas regions (producing W 0 > 0.3Å Lyα absorption lines) are connected by filamentary and sheet-like structures roughly 10 6 times less dense than the embedded condensations. The filaments seem to evolve slowly and still fill the Universe at z ∼ 1 (Davé et al. 1999; Riediger, Petitjean & Mücket 1998) , giving rise to the majority of strong Lyα lines. If this picture is correct, the requirement of different cloud populations might not be necessary to explain current observations. New high-resolution ultraviolet observations of QSO pairs are needed. Despite technical difficulties (close QSO pairs tend to have such different observed fluxes that high dispersion spectroscopy normally leads to at least one spectrum with high noise levels) they should improve considerably our knowledge of the Lyα-cloud geometry by (1) analyzing absorbers that produce only weak (W 0 ∼ 0.01Å) lines, i.e., those surely not associated with low-brightness galaxies, and (2) testing models that consider column density distributions.
Summary
We have presented HST FOS spectra of the QSO pair HS 1216+5032 AB. Our results are summarized as follows:
1. Metal systems. Three strong and complex C iv absorption systems are observed in both HST spectra at z ≈ 0.72. The velocity span along the LOSs, ∆v ∼ 1500 km s −1 , is large and suggests the gas where this C iv occurs might be associated with a cluster of galaxies. Differences in the line strengths suggest that, if these systems arise in coherent structures, they must have characteristic transverse sizes of ∼ 75 h −1 50 kpc. Alternatively, the systems may be composed of a large number of cloudlets correlated in redshift. In the spectrum of B, a strong absorption feature at λ ∼ 2910Å is identified with two Mg ii doublets at z = 0.04. If this identification is correct, these lines could arise in a low-redshift damped Lyα system.
The BAL systems in B:
The spectrum of QSO image B shows BAL troughs by H i, C ii, C iii, N iii, N v, O vi, and possibly S iv and S vi arising in absorption systems at outflow velocities from the QSO of up to 5000 km s −1 . The BAL troughs arise probably as a consequence of absorption by a mixture of broad and narrow components. 3. Lyα absorbers. Due to the redshift path blocked out by the BAL troughs in B the number of detected lines is small. Selecting lines not associated with metal lines, with ∆v(A − B) < 100 km s −1 and W 0 > 0.17Å yields four lines common to both spectra and five lines without counterpart in the other spectrum. For W 0 > 0.32 A lines the numbers are two and four, respectively. Using a maximum likelihood technique, most probably diameters for spherical clouds of 192 and 256 h kpc for the respective samples at < z >= 1.3. Assuming that the absorbers are filamentary structures lying perpendicular to the LOSs, transverse dimensions almost 50% smaller than for spherical clouds are found. In both cases, the results of our analysis do not confirm the claim that the characteristic size of the Lyα absorbers increases with decreasing redshift.
Independently of the cloud models used, we note that there are significant equivalent width differences between lines in A and B. Also, there appears to be a trend of larger equivalent width differences with increasing line strength, while no velocity differences between common lines is found. This provides evidence that the absorbers are coherent entities. The results for each line sample suggest that the absorbers must have a smooth gas density distribution, with lower density gas being more extended. Tables 1 and 2 ). The vertical bars in the B plots indicate the expected position of emission lines at z e = 1.451. The horizontal bars correspond to a velocity of 5 000 km s −1 in the QSO rest frame, a region thought to be affected by the BALs (see also Fig. 2 ). Notice in B the broad troughs on the blue side of the S iv, O vi, N iii, C iii and possibly S vi resonance lines.
